The present investigation was carried out during 2015/2016 and 2016/2017 seasons at the Experimental Research Station, Faculty of Agriculture, Assiut University. The objectives of this investigation were to obtain information about the performance and genetic components of parental wheat genotypes and their F 1 s under normal and water stress conditions. The performance of all genotypes under water stress condition was lower than its performance under normal condition. The parent 6 (P 6 ) was the earliest flowering under both conditions and the parent P 5 under water stress condition (85.70 day), while the parents P 1 , P 2 , P 4 and P 6 gave the tallest spike under both of normal and water stress conditions. While, P 1 and P 2 gave the tallest spike under water stress condition. The hybrids (P 4 × P 5 ) and (P 1 × P 6 ) were the earliest among F 1 -hybrids under normal and water stress conditions, respectively. Furthermore, the hybrids (P 1 × P 3 ) and (P 1 × P 4 ) gave the tallest spike under normal and water stress conditions, respectively. The mean of grain yield /plant for all genotypes was 32.70 g and 24.96 g under normal and water stress condition, respectively. The P 6 gave the highest grain yield/ plant compared with other parental genotypes under both conditions. On the other hand, the highest grain yield /plant was obtained from the hybrids (P 4 × P 5 ) under both conditions. The results showed that the magnitude of SCA exceeded GCA ones for days from planting to 50 % heading trait, which indicating that the major portion of genetic variance was due to the non-additive gene effects. The ratio of GCA/SCA was noticed to be low for days from planting to 50 % heading trait, indicated the specific combining ability was more important than general combining ability variance. The ratio of GCA/SCA was low for Plant height except SCA under irrigation in the F1-hybrids. The ratio of GCA/SCA was 1.08 and 0.80 in the F1-hybrids under normal and water stress conditions, respectively. The good genotypes for plant height in the F1-hybrid under both environments were Entry 21 and Entry 20. While, the ratio of GCA/SCA was noticed to be low for spike length, indicated the specific combining ability was more important than general combining ability variance, which indicating that the major portion of genetic variance was due to the non-additive gene effects. The results showed that the magnitude GCA/SCA ratio for number of kernel/spike was 0.31 and 0.20 in the F1-hybrids under normal and water stress conditions, respectively, indicating that the non-additive were larger than additive effects in the inheritance of number of kernel/spike and both were highly significant. The ratios of GCA/SCA were less than the unity for grain yield/plant under both environments Doi: 10.21608/ajas.2018.26820 Abo-Sapra, et al., 2018 indicating that the non-additive gene action controlled the inheritance of grain yield/plant. The GCA/SCA ratio was 0.14 and 0.48 for 100-grain weight in the F1-hybrids under normal and water stress conditions, respectively, indicating predominance of non-additive gene effect in the inheritance of 100-grain weight.
Introduction
Wheat is the most important cereal crop in Egypt. The total wheat production was 9 million ton obtained from 1.32 million ha, according to F.A.O (2016) . The statistics indicate that local production of wheat is not sufficient for the consumption needs. Egypt imports about 6 million tons of wheat to fill in the gap between consumption and production of wheat Rizk and Sherif (2014) . The total consumption of wheat reached 14 million tons. Therefore, increasing wheat production is an important goal to reduce the gap between production and consumption. Therefore, developing high yielding genotypes is paramount (Agricultural statistics, Arab Republic of Egypt, 2012) . Drought is the main abiotic that restrains wheat yield, which reduces crop production in most areas worldwide. Development drought-tolerant wheat genotype is formidable due to difficulties in quantification of drought tolerance constituents. However, using yield and its components as selection criterion for drought tolerance can be convenient to assess drought tolerance. Information on the genetic structure of a set of parents and mode of gene action governing yield and its attributes could be useful in designing suitable breeding procedures. Therefore, the objectives of this investigation were to: (1) obtain information about the performance of wheat genotypes and determine the genetic components under normal and water stress conditions, and (2) identify superior parents and cross combination of the 6 parents half diallel procedure in the F 1 -hybrids grown under normal and water stress environments.
Materials and Methods
The present investigation was carried out during 2015/2016 and 2016/2017 seasons at the Experimental Farm, Faculty of Agriculture, Assiut Universi. The genotypes were crossed in half diallel fashion during 2015/2016 season to obtain the F 1 seeds. The parents along with their pedigree and origin are shown in Table 1. The parents, and F 1 hybrides of the 6 parents half diallel were sown during 2016/2017 in two experiments i.e. the first one (stress experiment) was irrigated two times after planting irrigation (i.e, three irrigations were given through the growing season). The second experiment (normal experiment) was irrigated regularly as recommended. A randomized complete block design with three replications was used in both seasons. Grains were sown in rows 2 m long and 20 cm apart. Twenty grains were sown in each row. Each genotype was represented by one row in each replication. The following traits were recorded on an individual plant for the two experiments: A-Morphological traits:
1-Days to heading: Number of days from planting to 50% of the heads emerged from the flag leaf sheath.
2-Plant height (cm):
The distance from the base of the culm to the tip of the spike of the main culm.
B-Yield and its components:
1-Spike length (cm) was measured from the base of the main spike to its tip excluding awns.
2-Number of kernels/spike (K/S) counted as an average number of grains collected per spike.
3-Biological yield/plant (g) was measured as the total dry matter produced by a plant during the growing season of individual plant (excluding roots).
4-Grain yield/plant (g) was recorded as the weight of individual plant grains.
5-Harvest index is the ratio of grain yield / plot to biological yield / plot for cultivars evaluation experiment and grain yield /plant for F1.
6-100-grain weight (g) was obtained as the weight of 100 grains, from the bulk of the guarded plants in g.
The Combining ability analysis
General combining ability (GCA) of a line is the average value of the line in all possible combination. The GCA is a measure of additive genetic variance. On the other hand, specific combining ability (SCA) is the ability of a line to do better or worse than the average value in specific cross. The SCA is a measure of non-additive genetic variances (Hlallauer and Miranda, 1981) .
In this study, six parental genotypes were crossed in a half diallel mating design to produce 15 F 1 hybrids to estimate the different genotypic parameters in terms of additive and non-additive genetic variances. The procedures of this analysis were described by Griffing's method II model I (1956) and outlined by Singh and Chaudhary (1985) . Results and Discussion A: Performance of wheat genotypes:
The analyses of variance for all studied traits of the six parents and their 15 F 1 crosses grown under normal and drought stresses are shown in (Table 2) . Our results reveal that mean squares due to genotypes, parents and F 1 crosses were highly significant for all studied characters under normal and drought stresses, indi-cating the wide diversity among the parental materials used in the present study. In addition, the mean squares due to parents vs crosses were significant and highly significant in all characters except spike length was significant for F 1 irrigation. Furthermore, the mean squares of both general and specific combining ability of morphological traits are present in Table 2 . The results showe that both mean squares for GCA and SCA were highly significant for days to 50% heading, Plant height, spike length, number of kernels/spike, grain yield /plant, biological yield /plant, harvest index and 100-grain weight. This showed the important role of both additive and non-additive gene effects in the expression of these traits. *, and **, significant at 0.05 and 0.01 levels of probability, respectively.
1-Days to heading:
Mean days to 50 % heading is shown in Table 3 . The earliest P 6 headed after 84.00 and 85.70 days from sowing under normal and water stress conditions, respectively. The latest parent was P 3 , which headed after 93.00 and 91.00 days under normal and water stress conditions, respectively.
The earliest hybrid was (P 4 × P 5 ) which recorded 89.30 days and the latest one was (P 2 ×P 4 ) which recorded 93.00 days under normal condition. Under water stress condition the hybrid of (P 1 × P 6 ) was the earliest (85.00 days) but the hybrid of (P 3 × P 4 ) was the latest one (89.00 days) towards lateness. These results indicate that (P 6 ) possesses genes for earliness and most of its crosses were early either under normal or water stress condition. Water stress slightly decreased days to heading as expressed in the overall mean decreased from 90.67 to 87.70 days. The hybrids of (P 2 × P 4 ) decreased by 7.20 % under stress spared to normal conditions. Dhanda and Sethi (2002) and Dencic et al. (2000) found that days to heading were reduced by water stress.
2-Plant height (cm):
Mean of plant height for all genotypes is presented in Water stress reduced plant height of the parents, and the reduction ranged from 11.91 for P 6 to 16.53 % for P 1 . The F 1 -hybrids ranged in plant height from 91.30 (P 5 ×P 6 ) to 104.30 cm (P 1 × P 5 ) under normal condition, and from 81.30 (P 1 ×P 5 ) to 89.30 cm (P 1 × P 4 ) under water stress condition. Water stress reduced plant height of the parents and F 1 -hybrids, and the reduction accounted for 14.40 % over all genotypes. These results are in agreement with those found by El-Beially and El-Sayed (2002) and Mohamed (1999) who found that plant height was reduced by water stress and Dencic et al. (2000) came to the same conclusion.
3-Spike length
Spike length of the parents ranged from 11.67 for P 3 and P 5 to 12.33 cm for P 1 , P 2 , P 4 and P 6 under normal condition and from 10.33 for P 3 to 11.33 cm for P 1 and P 2 under water stress condition. The reduction in spike length of the parents caused by drought ranged from 8.13 for P 1 and P 2 to 13.01% for P 6 . Moreover, spike length of the F 1 -hybrids under normal condition ranged from 12.33 for (P 2 × P 4 ), (P 3 ×P 4 ), (P 4 × P 5 ) and (P 5 × P 6 ) to 13.67 cm for (P 1 × P 3 ), and from 11.00 for (P 4 ×P 5 ) to 13.00 cm for (P 1 × P 4 ), under water stress condition.
Water stress reduced spike length of the F 1 -hybrids, and the reduction ranged from 0.00 for (P 1 ×P 5 ) and (P 2 × P 4 ) to 11.02 % for (P 4 × P 6 ). Kheiralla (1994) and Ismail et al. (2006) reported that drought stress reduced spike length. Generally, drought stress reduced spike length over all genotypes by 6.37 % of normal condition. Kazmi et al. (2003) found that ear length was reduced by 36% under water stress condition.
-Number of kernel /spike
The parents ranged in number of kernal/spike from 71.30 for P 6 to 81.70 for P 2 under normal condition and from 63.30 for P 1 to 71.70 for P 4 under water stress condition (Table  4 ). The lowest affected parent by drought was P 4 , which was reduced by 3.10 %. On the other hand, the highest affected parent was P 2 , which was reduced by 18.80 %.
Number of kernel/spike for the F 1 -hybrids ranged from 77.00 for (P 2 × P 5 ) and (P 5 ×P 6 ) to 88.30 for (P 2 × P 3 ) under normal condition. These values ranged from 66.00 for (P 1 × P 5 ) to 78.00 for (P 2 × P 3 ) under water stress condition. Water stress reduced number of kernel/spike over all genotypes by 11.62 %. In respect to F1-hybrids the lowest reduction caused by drought was 7.80 % for (P 3 × P 5 ), but the highest reduction was 17.90 % for (P 2 × P 4 ). Aggarwal et al. (1986) showed that the number of kernel/spike was reduced by 49 % under water stress condition compared with normal irrigation one.
5-Biological yield/plant, g. Biological yield/plant of the parents under normal condition ranged from 57.00 for P 4 to 77.70 g for P 1 . For the F 1 -hybrids, the biological yield/plant ranged from 72.70 for (P 1 × P 5 ) to 109.30 g for (P 1 × P 4 ). Under water stress condition, the parents ranged from 50.70 for P 4 to 60.30 g P 2 , whilst, for the hybrids, biological yield/plant ranged from 51.00 for (P 1 × P 5 ) to 80.00 g for (P 3 × P 6 ) Table  4 .
The effect of drought was pronounced, and the overall mean of biological yield/plant was reduced greatly from 82.50 to 61.40 g which accounted by 25.60%. The reductions in biological yield/plant for the parents were ranged from 3.70 for P 3 to 31.00 % for P 5 . On the other hand, the hybrids ranged from 12.10 for (P 3 × P 6 ) to 41.80 % for (P 1 × P 6 ). The best three parents in biological yield/plant under normal condition were P 1 with a value of 77.70 g, P 5 with a value of 77.30 g and P5 with a value of 71.30 g. Otherwise, the best three parents of some traits under water stress condition were P 3 with a value of 60.30, P 2 with a value of 59.30 and P 1 with a value of 58.00 g. Our results were consistent with those found by Brisson et al. (2001) and Ahmed (2003) .
-Grain yield/plant:
Water stress reduced the overall mean grain yield/plant (Table 4 ) from 32.70 g under normal condition to 24.96 g under water stress condition, which estimated by 23.70%. The lowest yielding parent was P 4 under both normal and water stress conditions with values of 23.00 and 21.00 g/plant, respectively. On the other hand, the highest yielding parent was P 6 under both conditions with values of 32.30 and 25.70 g/plant, respectively. Generally, the best four F 1 -hybrids under normal condition were (P 4 × P 5 ), (P 2 × P 4 ) and (P 1 × P 6 ) and (P 2 × P 3 ) with values of 40.70, 39.30, 38.00 and 38.00 g /plant, respectively. Meanwhile, the best three hybrids under water stress condition were (P 4 × P 5 ), (P 3 × P 4 ) and (P 5 × P 6 ) with values of 29.30, 29.00 and 27.30 g/plant, respectively. Generally, the parents P 4 , P 3 , P 5 and P 6 were repeated several times in those superior hybrids. Blum et al. (1989) found that variation in grain yield among landraces under an increasing water stress after tillering was largely affected by spike number per unit.
-100-grain weight
The average of 100-kernel weight for the parents ranged from 4.30 for P 4 to 4.80 g for P 1 and P 6 under normal condition and ranged from 3.90 for P 4 to 4.30 g for P 2 under water stress condition. The lowest reduction caused by drought was recorded for P 2 with 2.27 %, but the highest value was (14.90 %) for P 3 . The 100-kernel weight for F 1 -hybrids ranged from 4.80 for (P 1 × P 3 ), (P 2 × P 3 ) and (P 3 × P 4 ) to 5.70 g for (P 2 × P 5 ), (P 2 × P 6 ) and (P 5 × P 6 ) and from 3.80 for (P 3 × P 6 ) to 5.20 g for (P 1 × P 2 ) under normal and water stress conditions, respectively. (P 1 × P 2 ) hybrid showed the lowest reduction by water stress with a value of 1.88 %. On the other hand, (P 3 × P 6 ) showed that highest reduction with a value of 28.30. Kheiralla (1994) , AbdelHaleem (2003) and Ismail et al. (2006) found reduction in grain weight by water stress.
-Harvest index
Under normal condition (Table  5) , harvest index of the parents was ranged from 36.80 for P 1 to 45.20 % for P 6 and the F 1 -hybrids ranged from 30.50 for (P 1 × P 4 ) to 48.50 % for (P 1 × P 5 ). Moreover, under water stress condition, harvest index of the parents were ranged from 38.80 for P 2 to 50.70 % for P 6 . On the other hand, the harvest index for F 1 -hybrids ranged from 34.00 for (P 3 × P 6 ) to 51.00 % for (P 1 × P 5 ). Generally, drought slightly reduced harvest index by 2.50 % overall genotypes. These results are consistent with Ismail et al. (2006) and Ahmad et al. (2015) .
B -Combined ability for selection criteria under study:
The analysis of variance for combining ability was performed using Method 2 and Mode II of Griffing (1956) . General Combining ability variances are generally attributed to the additive gene effects, while specific combining ability variances are attributed to non-additive gene effects, which involve dominance and epistatic components of the genetic variation.
-Morphological traits
Mean squares of both general and specific combining ability of Morphological traits are present in Table 2 . The results showed highly significant mean squares for both general (GCA) and specific (SCA) combining abilities for days to 50 % heading and Plant height reflecting the important role of both additive and non-additive gene effects in the expression of these traits. These results are in harmony with those reported by Borghi and Perenzin (1994) .
-Yield and its components.
The analyses of variance of combining ability (GCA and SCA) are presented in Table 2 . The results showed highly significant mean squares for both GCA and SCA regarding spike length, number of kernels/spike, grain yield /plant, biological yield /plant, harvest index and 100-grain weight/g, revealing the important role of both additive and non-additive gene effects in the expression of these traits. Similar results were reported by Singh and Paroda (1988) .
General combining ability effects (g i ).
The estimates of general combining ability effects of each parent for morphological traits, yield and its components are presented in Table 6 A -Morphological traits 1 -Days to 50%heading
The results in Table 6 indicate that highly significant positive GCA effects were detected for P 3 and P 4 under both environments, indicating that these parents could increase days to heading in their hybrids. However, P 1 under both environments showed negative and highly significant GCA effects, indicating that promising early F 1 hybrids could be obtained from their crosses, in the presence of predominance of additive gene effects. But P 6 under normal condition showed the negative and highly significant GCA effects, indicating that promising early F 1 hybrid could be obtained of their crosses. Safan (2001) found highly significant GCA for heading date under normal condition.
2-Plant height
General combining ability effects were positive and highly significant for P 2 , P 3 and P 6 under both environments. However, P 1 under normal condition showed negative and highly significant GCA effect. Under normal condition, P 4 and P 5 showed positive and highly significant SCA effects, while negative effect under water stress. Similar results were reported by Farshadfar et al. (2013) .
B -Yield and its component traits.
The results showed that the parent P 6 was considered to be excellent general combiner for grain yield/ plant and harvest index under both environments. The parents P 2 , P 4 and Doi: 10.21608/ajas.2018 .26820 Abo-Sapra, et al., 2018 http://ajas.journals.ekb.eg/ 8 P 6 were good general combiner for harvest index under both environments, respectively. On the other hand, the parent, P 1 , P 2 , P 3 and P 4 the poorest general combiner for biological yield /plant, spike length and grain yield /plant, under normal and water stress condition, respectively. Similar results were reported by Abdel-Haleem (2003) .
Specific combining ability effects (S ij )
The estimates of specific combining ability effects (S ij ) of each cross for morphological traits, yield and its components traits are presented in Table The results showe that all studied traits exhibited significant specific combining ability effects either positive or negative sings in most cases.
-Morphological traits
The results indicated that the crosses (P 1 × P 4 ), (P 2 × P 3 ), (P 3 × P 4 ) and (P 3 × P 5 ) showed negative and highly significant SCA effect and desirable SCA effects for days to 50% heading under both environments. The crosses (P 3 × P 4 ), (P 3 × P 5 ) and (P 4 × P 6 ) showed negative and highly significant SCA effect and desirable SCA effects for plant height, under both environments Safan (2001) found significant SCA for heading date under normal condition.
-Yield and its component traits
Under normal condition three hybrids showed positive significant or highly significant SCA effects such as (P 1 × P 6 ), (P 2 × P 3 ) and (P 4 × P 5 ). Most of these hybrids gave high number of kernels/plant (Table 7) . Highly significant and positive SCA effects were obtained by the seven crosses for biological yield / plant. It could be concluded that both additive and non-additive gene effects, and that later played the major role in the inheritance of biological yield / plant. Under normal condition while, 12 out of 15 F 1 crosses showed significant or highly significant and positive SCA effects for 100-grain weight. In the same trend 3, 7, 7 and 2 out of 15 F 1 crosses gave desirable SCA effects (significant or highly significant and positive values) towards number of kernels/plant, biological yield/plant, grain yield /plant and harvest index), respectively. Similar findings were obtained by Singh and Paroda (1988) and El-Maghraby et al. (2005) .
Conclusion
The present study revealed that the stress tolerant parents and the 15 F 1 crosses that showed minimized yield loss under water stress conditions, and the presence of wide diversity among the parents and the 15 F 1 crosses under normal and water stress conditions. The results showed that the magnitude of SCA exceeded GCA ones for days from planting to 50% heading, which indicating that the major portion of genetic variance was due to the non-additive gene effects. It is clear the information on GCA effects should be supplemented by SCA effects and hybrid performance of cross combinations to predict the gene action for yield in segregating generation. The identified crosses hold great promise in improving the grain yield and quality attributes in future breeding programs of bread wheat. : 10.21608/ajas.2018 .26820 Abo-Sapra, et al., 2018 
Doi

F1
drought P1 -1.41** -0.24** -3.16** -0.06 -0.75** -1.21** -4.5** -2.9** -11.9** 3.27 -5.5** -1.86** -0.28** -0.22** -1.8** -2.31** P2 -1.26** 1.27** 0.00 0.94** -0.33** -0.55** -3.3** -3.14** -12.8** -0.22 -3.9** -0.03 -0.45** -0.39** 1.6** 0.72** P3 1.08** 2.17** 1.16** 1.60** -0.75** -1.29** -2.4** -3.81** -16.6** -13.0** -7.2** -2.36** -0.04** 0.205** -0.41 2.76** P4 0.17** 1.59** 1.66** -0.39* -0.17** -0.55** -3.6** 0.52 -28.9** -8.64** -8.4** -4.03** -0.45** -0.24** 3.4** 1.35** P5 0.00 -0.32** 0.92** -0.56** 0.50** -0.71** -2.2** -1.22** 1.02 -4.06 -1.1** -3.28** -0.61** -0.15** -1.8** -1.64**
P6
-4.00** 0.09** 0.75** 2.27** -0.17** 0.04** -5.6** -3.31** -9.9** -7.47** 0.35** 0.24** -0.54** -0.19** 5. 
